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Abstract This paper is a continuation of previous work about the effects of a phenomenological flavour
dependent force in a relativistically covariant constituent quark model based on the Salpeter equation on the
structure of light-flavoured baryon resonances. Here the longitudinal and transverse helicity amplitudes as
studied experimentally in the electro-excitation of nucleon- and ∆ resonances are calculated. In particular
the amplitudes for the excitation of three and four star resonances as calculated in a previous model A are
compared to those of the novel model C as well as to existing and partially new experimental data such
as e.g. determined by the CB-ELSA collaboration. A brief discussion of some improvements to model C is
given after the introduction.
PACS. 11.10.St Bound and unstable states; Bethe-Salpeter equations – 12.39.Ki Relativistic quark model
– 13.40.Gp Electromagnetic form factors – 13.40.Hq Electromagnetic decays
1 Introduction
This paper is a continuation of our previous work [1] on
the description of baryon resonances in a covariant Bethe-
Salpeter framework. While in [1] we concentrated on the
description of the mass spectrum in the present paper we
discuss the results on electromagnetic transition ampli-
tudes obtained on the basis of the Salpeter amplitudes
determined previously. The dynamical ingredients of the
relativistically covariant quark model used are instanta-
neous interaction kernels describing confinement, a spin-
flavour dependent interactions kernel motivated by instan-
ton effects as well as in addition a phenomenologically
introduced spin-flavour dependent interaction. The lat-
ter was found to improve the description obtained pre-
viously in [2–4] in particular of Roper-like scalar excita-
tions as well as the position of some negative parity ∆-
resonances slightly below 2 GeV. With instantaneous in-
teraction kernels the Bethe-Salpeter equation reduces to
the more tractable Salpeter equation which can be cast
in the form of an eigenvalue equation for the masses and
the Salpeter amplitudes. These in turn determine the ver-
tex functions for any on-shell momentum of the baryons
which then enter the electromagnetic current matrix ele-
ments. The details of this procedure can be found in [5] .
Spin-flavour dependent effective quark-quark interac-
tions have also been studied previously by the Graz group [6–
14] which obtained very satisfactory results for the mass
spectra up to 1.7 GeV as well as for the corresponding
nucleon form factors on the basis of a truncated pseudo-
a e-mail: ronniger@hiskp.uni-bonn.de
vector coupled Yukawa potential, where the tensor force
terms were neglected. In [1] we found a phenomenological
Ansatz which includes a short ranged flavour-singlet and a
flavour-octet exchange with pseudoscalar-like coupling of
Gaussian form to be most effective for the improvements
mentioned above. This newly introduced interaction ker-
nel increased the number of parameters of seven in the for-
mer model (Model A, see [3,4]) to ten in the new version
(Model C, see [1]), which we still consider to be acceptable
in view of the multitude of baryon masses described ac-
curately in this manner. For the values of the parameters
we refer to table 1, where we listed an improved set of
parameters for the interaction kernels of model C together
with the values used in [1] displayed in brackets. Likewise
the parameters for the interaction kernels of model A ob-
tained from calculations within a larger model space, see
also [1] are listed along with the values (in brackets) as
determined in [3,4] in smaller model spaces. Note that the
two models A and C, specified in table 1 employ different
confinement Dirac-structures for the constant part (offset)
Γ0 and the linear part (slope) Γs (see [1,3] for more infor-
mation). All calculations in the present paper are based
on the parameter values of table 1.
Furthermore we want to point out, that the calcu-
lation of helicity amplitudes or transition form factors
(such as that for the nucleon-∆(1232) magnetic transi-
tion) in lowest order as considered here does not intro-
duce any additional parameter in the underlying mod-
els as discussed in [1] before. Since in the new model C
we can account for more baryon excitations accurately
we can now also offer predictions for some ∆-resonances
which could not be covered before in model A. In partic-
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Table 1. Model parameter values for the novel model C in
comparison to those of model A [3,4]. The bracketed numbers
in the column for model A are the parameters as found in [3,
4] and the numbers above them are recalculated with higher
numerical accuracy as commented in [1]. The numbers in the
column for model C represent an improved set with respect to
the values quoted in [1] which are listed in brackets. Note that
the Dirac structure for the confinement interaction kernel is
different in models A and C , see also [1] .
parameter model C model A
masses mn [MeV] 350.0 330.0
[325.0]
ms [MeV] 625.0 670.0
[600.0]
confinement a [MeV]
-370.8 -734.6
[-366.8] [-700.0]
b [MeV/fm]
208.4 453.6
[212.86] [440.0]
instanton gnn [MeV fm
3]
317.9 130.3
[341.5] [136.0]
induced gns [MeV fm
3]
260.0 81.8
[273.6] [96.0]
interaction λ [fm] 0.4 0.4
octet g28
4pi
[MeV fm3]
118.0
–
exchange [100.86]
singlet g20
4pi
[MeV fm3]
1715.5
–
exchange [1897.4]
λ8 = λ0 [fm] 0.25 –
ular these are: ∆1/2+(1750), ∆3/2+(1600), ∆1/2−(1900),
∆3/2−(1940) and ∆5/2−(1930) as reported in [1]. Addi-
tionally there now exists new data for photon decay ampli-
tudes from Anisovich et al. [15–17] and for helicity ampli-
tudes from Aznauryan et al. [18–21] as well as the MAID
analysis [22,23], in particular the analysis and parametri-
sations in the recent overview [24], with information also
on longitudinal amplitudes which can serve as a test of
the present model beyond the comparison done previously
in [5, 25, 26] on the basis of the amplitudes determined in
model A of [3]. For the definition of the helicity ampli-
tudes we use the conventions as in Tiator et al. [24] as
mentioned in Eqs. (7a) to (7c) in the subsequent sec. 3.
The paper is organised as follows: After a brief re-
capitulation on some improvements concerning model C
in sec. 2 and the determination of the helicity ampli-
tudes for electro-excitation in the Salpeter model, we shall
present the results in sec. 3, which contains three subsec-
tions: Sec. 3.1.1, covers the helicity amplitudes for the
electro-excitation of nucleon resonances, sec. 3.1.2 con-
tains the helicity amplitudes for the electro-excitation of
∆-resonances, while sec. 3.2 summarises the photon de-
cay amplitudes. Sec. 3.3 contains a short discussion of
the magnetic and electric transition form factor of the
∆(1232) resonance before we conclude with a summary in
sec. 4.
2 Improvements to model C
In the course of the investigations within the novel model
C [1] a new parameter set was found which led to an im-
proved description in particular of the nucleon form fac-
tors. This new set of parameters is listed in table 1 of the
introduction. The corresponding baryon mass spectra are
very similar to those published in [1]; only for some higher
excitation deviations up to 30MeV with respect to the val-
ues presented in [1] were found. We therefore refrain from
displaying the mass spectra here. The calculated masses of
those baryons which enter the helicity amplitudes calcu-
lated in this work can be found in tables 2 and 3 . However
for nucleon form factors which were also given in [1] some
small but partially significant modifications were found
and the results will be discussed subsequently.
In Fig. 1 the calculated electric proton form factor (di-
vided by its dipole-shape)
GD(Q
2) =
1
(1 +Q2/M2V )
2
, (1)
with M2V = 0.71GeV
2 (see [27, 28]) in both versions of
model C is compared to experimental data.
It is found that with the new set of parameters model
C describes the data for momenta transfers Q2 . 3GeV2
slightly better than with the older set of [1] , but the mod-
ification is rather small. Fig. 2 shows the electric neu-
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Fig. 1. The electric form factor of the proton divided by
the dipole form GD(Q
2), Eq. (1). MMD-Data are taken from
Mergell et al. [27], supplemented by data from Christy et
al. [29] and Qattan et al. [30] . The solid line represents the
results from model C with the new set of parameters, while the
dashed line those from model C [1]. Red data points are taken
from polarisation experiments and black ones are obtained by
Rosenbluth separation.
tron form factor where the effect of the new parameter
set yields a significantly improved description, reflecting
the fact that this small quantity is thus very sensitive to
parameter changes. Although the deviation between both
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curves could be interpreted as an estimate of the uncer-
tainty in the model prediction the new version demon-
strates that within the model it is indeed possible to ac-
count for the momentum transfer dependence and the po-
sition of the maximum rather accurately. The new results
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Fig. 2. The electric form factor of the neutron. MMD-Data are
taken from the compilation of Mergell et al. [27]. The solid line
represents the results from the improved model C; the dashed
line is the result from model C [1]. Red data points are taken
from polarisation experiments and black ones are obtained by
Rosenbluth separation.
are very similar to the results from the Bhaduri-Cohler-
Nogami quark model quoted as BCN in [12] , whereas the
older version from [1] is closer to the result quoted as
GBE-model in [12] .
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Fig. 3. The magnetic form factor of the proton divided by
the dipole form GD(Q
2), Eq. (1) and the magnetic moment
of the proton µp = 2.793µN . MMD-Data are taken from the
compilation of Mergell et al. [27]. Additionally, polarisation
experiments are marked in red. The black marked data points
are obtained by Rosenbluth separation.
Also for the magnetic form factors displayed in Fig. 3
and 4 improvements are observed: this concerns in partic-
ular the description of the magnetic proton form factor at
higher momentum transfers Q2 & 1GeV2 .
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Fig. 4. The magnetic form factor of the neutron divided by
the dipole form GD(Q
2), Eq. (1) and the magnetic moment of
the neutron µn = −1.913µN . MMD-Data are taken from the
compilation by Mergell et al. [27] and from more recent results
from MAMI [44,46] . Additionally, polarisation experiments are
marked by red data points. The black marked ones are obtained
by Rosenbluth separation.
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The solid line is the improved result of model C, the dashed
line the result of model C in [1]. Experimental data are taken
from the compilation by Bernard et al. [57] .
The axial form factor divided by its dipole-shape
GAD(Q
2) =
gA
(1 +Q2/M2A)
2
, (2)
with the parameters MA = 1.014 ± 0.014GeV and gA =
1.267 taken from Bodek et al. [28] is shown in Fig. 5.
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Here a clear preference for either set of parameters cannot
be inferred; in general the description is satisfactory in
both versions. In subsequent sections all calculations will
use the parameters of the improved model C and shall be
quoted simply as model C .
3 Helicity amplitudes and transition form
factors from the current matrix elements
Following the elaboration on the transition current matrix
elements in Merten et al. [5] one finds in lowest order for
a initial baryon state with four-momentum P¯i = Mi =
(Mi,0) in its rest frame and a final baryon state with
four-momentum P¯f the expression
〈P¯f |jµ(0)|Mi〉 =−3
∫
d4pξ
(2pi)4
∫
d4pη
(2pi)4
Γ¯Λ
P¯f
(
pξ, pη− 23q
)
S1F
(
1
3Mi +pξ+
1
2pη
)⊗S2F ( 13Mi −pξ+ 12pη)
⊗S3F
(
1
3Mi−pξ−pη+q
)
q̂γµS3F
(
1
3Mi−pξ−pη
)
ΓΛMi (pξ,pη) , (3)
where the so-called vertex-function ΓΛMi (pξ,pη) is given
in the rest frame by
ΓΛMi (pξ,pη) := −i
∫
dp′ξ
(2pi)4
∫
dp′η
(2pi)4[
V
(3)
Λ
(
pξ,pη;p
′
ξ,p
′
η
)
+ V effΛ
(
pξ,pη;p
′
ξ,p
′
η
)]
ΦΛMi
(
p′ξ,p
′
η
)
, (4)
and where the Salpeter-amplitude ΦΛMi is normalised to√
2Mi. For an arbitrary on-shell momentum P¯f with P¯
2
f =
M2f the vertex function Γ
Λ
P¯f
(
pξ, pη− 23q
)
is obtained from
ΓΛMf (pξ,pη) by applying a boost. Note that by this proce-
dure we can determine the required vertex function only
on the mass shell, which precludes a calculation of transi-
tion amplitudes in the time-like region.
The electromagnetic current operator is then defined
as
jEµ (x) = : Ψ¯(x)qˆγµΨ(x) : (5)
in terms of the charge operator qˆ and the quark field-
operator Ψ(x) . With
jE±(x) = j
E
1 (x) ± ijE2 (x) , (6)
and with our normalisation of the Salpeter amplitudes, in
accordance with the definitions in Warns et al. [58], Tiator
et al. [24] and Aznauryan and Burkert [21] , the transverse
and longitudinal helicity amplitudes AN1/2 , A
N
3/2 and S
N
1/2,
respectively, are related to the transition current matrix
elements in the rest frame of the baryon B with rest mass
MB via
AN1
2
(Q2) =
ζ√
2
K
〈
B,MB,
1
2
∣∣∣jE+ (0)∣∣∣N, P¯N ,− 12〉, (7a)
AN3
2
(Q2) =
ζ√
2
K
〈
B,MB,
3
2
∣∣∣jE+ (0)∣∣∣N, P¯N , 12〉, (7b)
SN1
2
(Q2) =ζ K
〈
B,MB,
1
2
∣∣∣jE0 (0)∣∣∣N, P¯N , 12〉, (7c)
whereK :=
√
(pi α)/(MN (M2B −M2N)) , α is the fine struc-
ture constant , N denotes the ground state nucleon (N =
(p, n)) with four-momentum P¯N = (
√
M2N + k
2,−k) re-
lated to the momentum transfer Q2 by k2 = (M2B−M2N−
Q2)2/(4M2B) +Q
2 .
Note that the common phase ζ is not determined in the
present calculation. In most cases we shall fix ζ such as to
reproduce the sign of the proton decay amplitude reported
in [59] . Furthermore, note that 〈p, P¯N , 12 |jE0 (0)|p, MN , 12 〉
is normalised to +1 at Q2 = 0 .
3.1 Helicity amplitudes for electro-excitation
In the last decade new experiments were performed at the
Jefferson-Laboratory in order to study helicity amplitudes
up to 6GeV2. These new experiments were designed to de-
termine the helicity amplitudes for the electro-excitation
of the P11(1440), S11(1535) and D13(1520) resonances.
The results can be found in [18–20] and [22]. In addi-
tion novel data for the longitudinal SN1/2 amplitudes were
obtained.
We calculated the corresponding helicity amplitudes
of these and other states on the basis of the Salpeter
amplitudes obtained in the novel model C [1] . As men-
tioned above we are now able to solve the eigenvalue prob-
lem with higher numerical accuracy by an expansion into
a larger basis which presently includes all three-particle
harmonic oscillator states up to an excitation quantum
number Nmax = 18 , whereas previously [3–5] the results
for baryon masses and amplitudes in model A were ob-
tained with Nmax = 12 . For comparison and to study the
effects of the newly introduced phenomenological flavour-
dependent interaction of model C we thus also recalculated
the spectrum and the amplitudes for model A within the
same larger model space. The corresponding changes in
the determination of the interaction parameters are indi-
cated in table 1 .
3.1.1 Helicity amplitudes for nucleons
We will now turn to the discussion of N → N∗ helicity
amplitudes for each angular momentum J and parity pi .
The J = 1/2 resonances: A comparison of calculated
transverse and longitudinal helicity amplitudes with ex-
perimental data for the electro-excitation of the S11(1535)
resonance is given in Figs. 6 and 7, respectively. Whereas
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Fig. 6. Comparison of the S11(1535) transverse helicity am-
plitude AN1/2 for electro-excitation from the proton and the
neutron calculated in the model C (solid and dashed-dotted
line) and model A (dashed lines) to experimental data [18–20,
22,23,59–68] .The dotted line is the result obtained by Keister
and Capstick [69]. Additionally recent fits obtained by Tiator
et al. [24] and by Aznauryan et al. [21] are displayed as green
dotted and dashed-dotted lines, respectively. Note that the re-
sults for model A were recalculated with higher numerical ac-
curacy and thus deviate from the results published previously
in [5] .
the value of the transverse amplitudes at the photon point
(Q2 = 0) both for the proton and the neutron are accu-
rately reproduced in particular by the new model C , in
general the calculated transverse amplitudes are too small
by a factor of two; in comparison to the results from model
A the amplitudes of model C decrease more slowly with
increasing momentum transfer, in better agreement with
the experimental data. But, in particular the near con-
stancy of the proton data for 0 < Q2 < 1GeV2 is not
reflected by any of the calculated results. For comparison
we also plotted the results from the quark model calcu-
lation of the transverse Ap1/2-amplitude by Keister and
Capstick [69] for Q2 . 3GeV2 and the fits obtained by
Aznauryan et al. [21] and Tiator et al. [24].
Contrary to this, the momentum transfer dependence
of the calculated longitudinal helicity amplitudes hardly
bear any resemblance to what has been determined exper-
imentally, in particular the minimum found for the pro-
ton at Q2 ≈ 1.5 GeV2 is not reproduced. Only the non-
relativistic calculation of Capstick and Keister [70] shows
a pronounced minimum for the longitudinal S11(1535) am-
plitude, however this minimum is predicted at the wrong
position.
Also the calculated transverse proton helicity ampli-
tude Ap1/2 for the next S11(1650) resonance shows a large
disagreement with experimental data as shown in Fig. 8.
This discrepancy was already found in the previous cal-
culation of Merten et al. [5] and obviously is not resolved
within model C . Note, however that the neutron ampli-
tude An1/2 calculated at the photon point does correspond
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Fig. 8. Comparison of the S11(1650) transverse electro-
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See also caption to Fig. 6.
to the data from PDG [59], as illustrated in Fig 8. The
rather small longitudinal S11(1650) amplitude S
N
1/2 seems
to agree with the scarce medium Q2 data from the MAID-
analysis of [22, 23] , however for lower Q2 the single data
point of Aznauryan et al. [19] seems to indicate a zero
crossing of this amplitude not reproduced by either of the
model calculations of the Sp1/2-amplitude for the S11(1650)-
resonance (see Fig. 9).
The third and fourth Jpi = 1/2− nucleon resonances
are predicted in model A at 1872MeV and 1886MeV and
in model C at 1839MeV and 1882MeV , respectively. In-
deed within the Bonn-Gatchina Analysis of the CB-ELSA
collaboration data [17] evidence for a Jpi = 1/2− nucleon
resonance at 1895MeV was found. As can be seen from
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excitation helicity amplitude SN1/2 of proton and neutron cal-
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Fig. 10 the predicted transverse amplitudes for the third
resonance both models are rather large and the calculated
value at the photon point (Q2 = 0) is much larger than
the experimental value quoted in [15, 17], but the value
of the fourth resonance matches the PDG photon decay
amplitude.
The transverse and longitudinal helicity amplitudes of
the Roper resonance P11(1440) are displayed in Figs. 11
and 12, respectively. It is obvious, that the zero cross-
ing found in the data at Q2 ≈ 0.5GeV2, see Fig. 11, is
not reproduced in the calculated curves, although the Q2
dependence of the positive values at higher momentum
transfers can be accounted for in both models after chang-
ing the sign of the old prediction [5] . On the other hand
we do find a satisfactory description of the longitudinal
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Fig. 11. Comparison of the P11(1440) transverse helicity am-
plitude AN1/2 for proton and neutron calculated in model C
(solid and dashed-dotted line) and model A (dashed lines).
See also caption to Fig. 6 .
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Note that for the data points of the MAID-analysis by Tiator
et al. [23] no errors are quoted. See also caption to Fig. 6.
Cp1/2-amplitude displayed in Fig. 12 in particular in the
new model C .
Helicity amplitudes of higher lying resonances in the
P11 channel are only poorly studied in experiments. Never-
theless we shall discuss briefly the P11(1710) helicity am-
plitude before treating the higher excitations P11(1880)
and P11(2100) . For the P11(1710) resonance only the pho-
ton decay amplitude is reported [59]. In Figs. 13 and 14
we display our predictions for these amplitudes. The trans-
verse AN1/2-amplitude of model C matches the PDG data
at the photon point in contrast to model A, which over-
estimates the proton- and neutron amplitudes by a factor
of two. On the other hand this would be in accordance
with the larger value obtained by Anisovich et al. [17],
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Ap1/2 = (52± 15)× 10−3 GeV2 . The prediction of the lon-
gitudinal SN1/2-amplitudes is given in Fig. 14.
Finally we present the results for the fourth and fifth
Jpi = 12
+
-nucleon state in Fig. 15 , where we show the
transverse helicity amplitudes only. The corresponding
masses predicted by model A are 1905MeV for the fourth
and 1953MeV for the fifth state; for model C the pre-
dicted masses are 1872MeV and 1968MeV , respectively.
The two data at the photon point marked ′′01′′ and ′′02′′
were obtained by the CB-ELSA collaboration within the
Bonn-Gatchina Analysis as reported in [15, 17] for the
N+1/2(1880) resonance. They correspond to two different
partial wave solutions in order to extract the correspond-
ing baryon mass and helicity amplitudes. The prediction
for the fourth state lies between these values, the values
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Fig. 15. Prediction of the P11 transverse helicity amplitudes
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neutron calculated within model C (solid and dashed-dotted
lines) and model A (dashed lines). The data at the photon
point marked ′′01′′ and ′′02′′ were reported in [15, 17] as al-
ternatives for the N+
1/2(1880) resonance. See also caption to
Fig. 6.
found for the fifth state are much smaller. This also applies
for higher Jpi = 12
+
excitations not displayed here.
The J = 3/2 resonances: In Figs. 16 and 17 the trans-
verse helicity amplitudes of the P13(1720) resonance are
displayed. Although a reasonable agreement with the data
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and dashed-dotted line) and model A (dashed lines). Note that
for the data points of the MAID-analysis by Tiator et al. [23]
no errors are quoted. See also caption to Fig. 6.
of Aznauryan et al. [19] and with the photon decay ampli-
tude is found for both models, the data from the MAID
analysis [22,23] indicate a sign change for the Ap1/2 ampli-
tude at Q2 ≈ 3GeV2 not reproduced by either model. In
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spite of not being able to account at all for the large Ap3/2
amplitude found experimentally, the longitudinal helicity
amplitude as reported in the MAID analysis with excep-
tion of the value at Q2 ≈ 1GeV2 is reproduced by both
models rather well, as shown in Fig. 18.
For the transverse helicity amplitude Ap1/2 (see Fig. 19)
of the D13(1520)-resonance we find a reasonable quanti-
tative agreement with experimental data for low momen-
tum transfers, while apart from the fact that in model C
the amplitude is too small by about a factor of two the
Q2 dependence is reproduced up to Q2 ≈ 6GeV2 . The
minimum at Q2 ≈ 1GeV2 is clearly visible for model A
whereas this feature is not so pronounced in model C .
The Ap3/2-amplitudes are displayed in Fig. 20; here both
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model underestimates the data by more than a factor of
three. Likewise the calculated neutron An1/2- and A
n
3/2-
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Fig. 20. Comparison of the D13(1520) transverse helicity
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See also caption to Fig. 6.
amplitudes at the photon point are too small. In particular
for the An1/2-amplitude the predicted value close to zero
is in contradiction to the experimental value −59 ± 9 ×
10−3 GeV−1/2 from PDG [59]. Unfortunately, although
the Q2 dependence of the magnitude of the longitudinal
amplitude Sp1/2 , see Fig. 21 , would describe the experi-
mental data of Aznauryan et al. [18–20] and MAID [22]
very well, the amplitude has the wrong sign. Note that
although, as mentioned above, the common phase ζ in
the definition of the helicity amplitudes is not determined
in our framework, relative signs beween the three helicity
amplitudes are fixed.
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The transverse amplitudes for the next 3/2− nucleon
resonance, i.e.D13(1700) , are displayed in Figs. 22 and 23.
In contrast to the situation for the D13(1520)-resonance
described above, here both models are in accordance with
the PDG-data [59] as well as with the data from Az-
nauryan et al. [19] for the A1/2-amplitude, whereas the
A3/2-amplitude only reproduces the PDG-data [59] and
not the data point from Aznauryan et al. [19] at finite
momentum transfer. The prediction for the longitudinal
D13(1700) amplitudes is given in Fig. 24. The calculated
amplitudes turn out to be rather small.
The J = 5/2 resonances: Although the transverse
D15(1675) helicity amplitudes at the photon point repro-
duce the experimental data from MAID [22, 23] and the
PDG [59] rather well, as displayed in Figs. 25 and 26, both
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Fig. 24. Prediction of the D13(1700) longitudinal helicity
amplitude SN1/2 for proton and neutron calculated in model C
(solid and dashed-dotted line) and model A (dashed lines). See
also caption to Fig. 6.
calculations cannot account for the apparent zero of the
experimental Ap1/2-amplitude at Q
2 ≈ 1.5GeV2 . Further-
more the Ap3/2-amplitude, displayed in Fig. 26 is severely
underestimated in magnitude by both models and model
C even yields the wrong sign. The transverse amplitudes
for the neutron are predicted to be negative, here the cal-
culated value at the photon point for model A is closer to
the experimental value than for model C . The longitudinal
amplitudes are calculated to be very small for both mod-
els. There exists only experimental data from the MAID-
analysis [23], indicating that the experimental values are
consistent with zero (see Fig. 30).
There also exist data for the helicity amplitudes of
the F15(1680)-resonance. The comparison with the calcu-
lated values is given in Figs. 28 and 29. In particular in
model C a reasonable description of the Ap1/2 amplitudes is
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Fig. 26. Comparison of the D15(1675) transverse electro-
excitation helicity amplitude AN3/2 for proton and neutron cal-
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found for the newer data from Aznauryan et al. [18,19] and
MAID [22,23] both at the photon point and for the values
at higher momentum transfers. The calculated values in
model A are in better accordance with the the older data
from Burkert et al. [71] which are larger in magnitude.
In contrast to this the Ap3/2-amplitudes are again severely
underestimated in magnitude, see Fig. 29 . In contrast, for
the longitudinal Sp1/2-amplitude we observe a rather good
agreement with the data as displayed in Fig. 30, the values
obtained in model C being too small at lower momentum
transfers.
The J = 7/2 resonances: For positive parity PDG [59]
lists the F17(1990) resonance rated with two stars. Both
in model A and in model C we can relate this to states
with a calculated mass of 1954 MeV and 1997 MeV, re-
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Fig. 28. Comparison of the F15(1680) transverse helicity am-
plitude AN1/2 for proton and neutron calculated in model C
(solid and dashed-dotted line) and model A (dashed lines).
See also caption to Fig. 6.
spectively. The corresponding photon amplitudes are very
small, see Table 2. Otherwise, concerning the J = 7/2
resonances there exists only one negative parity resonance
with more than at least a three star rating, the G17(2190).
The corresponding predictions for transverse and longitu-
dinal helicity amplitudes are shown in Figs. 31 and 32.
The J = 9/2 resonances: The transverse and longitu-
dinal helicity amplitudes of the Jpi = 9/2+ resonance
G19(2250) are predicted to be very small as shown in
Figs. 33 and 34 and coincide with the estimate by Aniso-
vich et al. [17] for the transverse amplitudes. Obviously,
the Ap3/2 amplitude of model C and the longitudinal am-
plitudes of model A are effectively zero.
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Although the resonance with Jpi = 9/2− , H19(2220)
has a four star rating by the PDG, only the proton pho-
ton decay amplitude has been estimated in [17]. The cal-
culated values are displayed in Fig. 35 and Fig. 36 ; the
amplitudes turn out to be smaller in model C than in
model A in better agreement with the estimate of [17].
The J = 11/2 resonances: Figs. 37 and 38 shows pre-
dictions of the transverse and longitudinal helicity ampli-
tudes for the Jpi = 1/2− I1 11(2600)-resonances. So far no
data available.
3.1.2 Nucleon→ ∆ helicity amplitudes
We now turn to a discussion of the results for N → ∆
electro-excitation.
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Fig. 32. Prediction of the G17(2190) longitudinal helicity
amplitude SN1/2 for proton and neutron calculated in model C
(solid and dashed-dotted line) and model A (dashed lines). See
also caption to Fig. 6.
The J = 1/2 resonances: We start the discussion with
the negative parity S31(1620)-resonance. For the S31(1620)
transverse and longitudinal helicity amplitudes, depicted
in Fig. 39, a wide variety of experimental data at and
near the photon point exists. The calculated values lie well
within the region of experimental data obtained due to the
spread in partially contradictory experimental data but
an assessment of the quality is hardly possible. The posi-
tive longitudinal amplitude SN1/2 in Fig. 39 as determined
in [22, 23] together with the single data point from [19]
suggest a sign change in the region Q2 ≈ 0.7 − 1.0GeV2
not reproduced by both calculations, this clearly needs
more experimental clarification.
The next excitation in this channel is the S31(1900)
resonance; the corresponding transverse and longitudinal
helicity amplitudes are displayed in Fig. 40 . Here we only
give the results for model C since the original model A
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Fig. 34. Prediction of the G19(2250) longitudinal helicity
amplitude SN1/2 for proton and neutron calculated in model C
(solid and dashed-dotted line) and model A (dashed lines). See
also caption to Fig. 6.
does not describe a resonance in this region. The values
at the photon point seems to be in better agreement with
the data from Crawford et al. [75] than with the data
from Awaji et al. [74] and Anisovich et al. [17]. Note that
for both S31-resonances we judiciously fixed the phase ζ
in order to reproduce the sign of the PDG value at the
photon point, as has been mentioned above. Reversing the
sign of ζ would in case of the S31(1620)-resonance in fact
better reproduce the data at larger momentum transfers.
Also the lowest positive parity ∆-resonance P31(1750)
is only reproduced in model C as shown in [1]. The cal-
culation does not account for the large value found by
Penner et al. [76] at the photon point, see Fig. 41 . The
longitudinal amplitude is predicted to be negative for this
resonance.
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Fig. 36. Prediction of the H19(2220) longitudinal helicity
amplitude SN1/2 for proton and neutron calculated in model C
(solid and dashed-dotted line) and model A (dashed lines). See
also caption to Fig. 6.
The helicity amplitudes for the next excited state,
P31(1910) are shown in Fig. 42. Note that model A does
produce two nearby resonances at the position of the
P31(1910) resonance, see [1,3]. The calculated amplitudes
for both resonances as well as the calculated amplitude in
model C are very small and in rough agreement with the
experimental value found at the photon point which has
a large error. Again the assessment cannot be conclusive.
Also shown are the predictions for the rather small longi-
tudinal amplitudes.
The J = 3/2 resonances: We shall discuss the electro-
excitation of the ground-state ∆ resonance, P33(1232) in
some more detail below; the transverse amplitudes are
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Fig. 38. Prediction of the I1 11(2600) longitudinal helicity
amplitude SN1/2 for proton and neutron calculated in model C
(solid and dashed-dotted line) and model A (dashed lines). See
also caption to Fig. 6.
shown in Fig. 43 while Fig. 44 displays the results for
the longitudinal amplitude. With the exception of the low
momentum transfer region Q2 < 0.5GeV2 we observe a
fair agreement with experimental data for the transverse
amplitude AN1/2 for both models, which, however, both
show a minimum in the amplitudes for Q2 . 0.5GeV2
(which, in contradiction to data, also persists in the mag-
netic form factor, see Fig. 56) , whereas the data show a
minimum of some kinematical origin at much smaller mo-
mentum transfers Q2 . 0.1GeV2. Also the experimental
data for the SN1/2 helicity amplitude can be accounted for
by the calculated curve for model C at the highest mo-
mentum transfers only, while the amplitude calculated in
A is much smaller. Note that more data is available for
the magnetic transition form factor, which is a linear com-
bination of the AN1/2 and A
N
3/2 amplitudes, see sec. 3.3.
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Fig. 40. Comparison of the S31(1900) transverse A
N
1/2 (solid
and dashed-dotted line) and longitudinal helicity amplitude
SN1/2 (dashed-dotted line) in model C . See also caption to Fig. 6.
The Roper-like excitation of the ground state ∆ reso-
nance, P33(1600) , is only described adequately in model
C . The corresponding helicity amplitudes AN1/2 , AN3/2 and
SN1/2 are displayed in Fig. 45. The A
N
1/2 amplitude is cal-
culated to be smaller than the decay amplitude quoted
by the PDG [59]. Contrary to this we find a rather large
AN3/2 amplitude with a pronounced minimum around Q
2 ≈
0.75GeV2. However in this case the value at the photon
point is overestimated.
For the P33(1920) state with positive parity the helic-
ity amplitudes are displayed in Figs. 46 and 47. In [1] it
is shown that there exist several states around 1920 MeV
which correspond to the second and third excited ∆3/2+
state and which are predicted at 1834 MeV and at 1912
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Fig. 41. Comparison of the P31(1750) transverse A
N
1/2 and
longitudinal SN1/2 helicity amplitude calculated in model C
(solid line) and the data from Penner et al. [76]. See also cap-
tion to Fig. 6.
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Fig. 42. Comparison of the P31(1910) transverse A
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See also caption to Fig. 6.
MeV for model A and at 1899 MeV and at 1932 MeV
for model C , respectively. The transverse amplitudes are
in general very small and match the photon decay data
of [74, 76, 77] whereas the data of Anisovich et al. [17]
cannot be reproduced. The predictions for the longitudi-
nal amplitude as well as the AN3/2 amplitude for the third
excitation are effectively zero.
We now turn to negative parity excited ∆-resonances.
For the D33(1700) transition amplitudes we find that the
predictions of both models are rather close, as displayed
in Figs. 48 and 49. Note that the calculated masses of
the D33(1700)-resonance, viz.M = 1594MeV for model A
andM = 1600MeV for model C, are about 100MeV lower
than the experimental mass at approximately 1700MeV.
This of course affects the pre-factors in Eqs. (7a) and (7b)
leading to the conclusion that the current matrix elements
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N
3/2 as calculated in model C (solid and
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tion to Fig. 6 and the magnetic and electric transition form
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Fig. 44. Comparison of the P33(1232) longitudinal helicity
amplitude SN1/2 calculated in model C (solid line) and model A
(dashed line) to experimental data from [22, 23, 59] . See also
caption to Fig. 6 and the Coulomb transition form factor in
Fig. 58.
are calculated to be too small. For the transverse am-
plitude AN1/2 only the single data point from Aznauryan
et al. [19] is close to the calculated curves. At the pho-
ton point the calculated values also agree with the PDG
data [59]. In contrast the data from MAID [22, 23] and
Burkert et al. [71] cannot be accounted for. Similar obser-
vations are made for the AN3/2-amplitude. The longitudi-
nal SN1/2 amplitude has a sign opposite to the rare data
from Aznauryan et al. [19] and MAID [22,23] as shown in
Fig. 49. Note however that the MAID-analysis of Tiator
et al. [23] yields a vanishing SN1/2 amplitude in contrast to
the appreciable amplitudes found in the calculations.
Figs. 50 and 51 contain the prediction for the trans-
verse and longitudinal helicity amplitudes of theD33(1940)
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Fig. 46. Comparison of the P33(1920) transverse helicity
amplitudes AN1/2 and A
N
3/2 as calculated in model C (solid
and dashed-dotted line) and model A (dashed lines) with
the data from [74, 76, 77]. Note that the values at Q2 = 0
of Anisovich et al. [17], Ap
1/2 = 130
+30
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−3GeV−1/2 and
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+25
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−3GeV−1/2, are beyond the range dis-
played. See also caption to Fig. 6.
resonance in model C. Note that in this model two reso-
nances with masses M = 1895MeV and M = 1959MeV
are predicted in this energy range, as shown in [1]. Ac-
cordingly we have displayed two alternative predictions
for the helicity amplitudes. The results for the transverse
amplitudes, see Fig. 50 , for both resonances are rather
similar; the measured photon decay amplitudes from Horn
et al. [77] and Awaji et al. [74] are in conflict, the calcu-
lated values favour a small negative value at the photon
point, which agrees with the data from Awaji et al. [74].
In Fig. 51 we also show the corresponding longitudinal
amplitudes.
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N
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tion to Fig. 6.
The J = 5/2 resonances: In Fig. 52 we show the AN1/2,
AN3/2 and S
N
1/2 helicity amplitudes calculated in model C [1]
for the D35(1930) resonance. Also displayed is the PDG-
data at the photon point [59], where we find that the trans-
verse amplitudes agree well with the experimental values.
The longitudinal amplitude is found to be almost vanish-
ing. Since model A cannot account for a resonance in this
energy region no results are given in this case.
Both models are able to reproduce the lowest J = 5/2
∆ resonance with positive parity. The prediction of the he-
licity amplitudes of the F35(1905) can be found in Fig. 53.
Both models can account very well for the PDG-data at
the photon point for the A1/2 transverse amplitudes, but
the A3/2 amplitude is found with a sign opposite to that
of the data. As for the previously discussed resonance the
results for the longitudinal amplitudes turn out to be very
small.
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Fig. 50. Comparison of the D33(1940) transverse helicity am-
plitudes AN1/2 (solid lines) and A
N
3/2 (dashed lines) calculated
in model C with the data from Awaji et al. [74]. Due to the
fact that model C offers two alternatives for the D33(1940)-
resonance, as shown in [1], both amplitudes, labelled with ”sec-
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played. See also caption to Fig. 6.
The J = 7/2 resonances: For J = 7/2 there exists only
one four star resonance, the F37(1950). The predictions
of the corresponding transverse and longitudinal helicity
amplitudes are shown in Fig. 54 . Here the predictions of
the transverse amplitudes are much too small in order to
explain the experimental photon couplings.
The J = 11/2 resonances: Fig. 55 shows the predic-
tion of the transverse and longitudinal helicity amplitudes
of the ∆11/2+(2420) resonance. The amplitudes found in
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Fig. 51. Prediction of the D33(1940) longitudinal electro-
excitation helicity amplitudes SN1/2 of the nucleon calculated
in model C . Due to the fact that model C offers two alterna-
tives for the D33(1940)-resonance, as shown in [1], both am-
plitudes, labelled with ”first” and ”second” are displayed. See
also caption to Fig. 6.
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model C are slightly smaller than those in model A. In
both cases the longitudinal amplitude virtually vanishes.
3.2 Photon couplings
In tables 2 and 3 we have summarised the results for the
photon decay amplitudes as partially already discussed in
subsections 3.1.1 and 3.1.2 . This tables also lists the avail-
able experimental data. Most of the decay amplitudes can
be accounted for quite satisfactory. In general no large
differences between both models is found. For some am-
plitudes of resonances with higher angular momentum no
experimental data are available to our knowledge.
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Table 2. Transverse photon couplings calculated for N → N∗ transitions in model A and C in comparison to experimental
data. All calculated photon couplings were determined by calculating the helicity amplitudes at Q2 = 10−4 GeV2 close to the
photon point. A hyphen indicates that data do not exist. All amplitudes are in units of 10−3GeV−1/2 , all masses are given in
MeV. The references [76,78] do not quote errors.
State Mass Model A Model C Exp. Ref.
Rat. model A model C Ampl. p n p n p n
S11(1535) **** 1417 1475 A1/2 111.68 -74.75 85.93 -54.96 90±30 -46±27 [59]
S11(1650) **** 1618 1681 A1/2 2.55 -16.03 -4.56 -6.86 53±16 -15±21 [59]
S11(1895) **
1872 1839
A1/2
43.36 -23.93 52.71 -29.01
12±6 – [17]
1886 1882 38.95 -18.44 17.18 -8.27
P11(1440) **** 1498 1430 A1/2 33.51 -18.68 33.10 -17.43 -60±4 40±10 [59]
P11(1710) *** 1700 1712 A1/2 58.36 -30.59 30.95 -13.57 24±10 -2±14 [59]
P11(1880) ** 1905 1872 A1/2 24.35 -15.55 24.44 -11.87 14±3 – [17]
P13(1720) **** 1655 1690 A1/2 81.69 -33.06 50.28 -22.56 18±30 1±15 [59]
A3/2 -26.24 11.76 -17.10 2.69 -19±20 -29±61 [59]
P13(1900) ***
1859
1840 A1/2
5.06 3.17
2.31 5.17 26±15/-17 –/-16 [17]/ [76]
1894 12.58 -14.53
A3/2
2.29 18.15
4.03 13.79 -65±30/31 –/-2 [17]/ [76]
6.49 -14.90
D13(1520) **** 1453 1520 A1/2 -54.80 2.47 -39.39 0.65 -24±9 -59±9 [59]
A3/2 48.45 -52.27 32.80 -31.64 150±15 -139±11 [59]
D13(1700) *** 1573 1686 A1/2 -20.69 16.52 -10.16 10.65 -18±13 0±50 [59]
A3/2 -5.45 38.89 -7.08 26.42 -2±24 -3±44 [59]
D13(1875) ***
1896 1849
A1/2
49.87 -19.04 42.29 -13.71 18±10/-20±8
7±13
[17]/ [74]/ [59]/
1920 1921 1.62 -6.73 -3.72 -6.76 12/26±52 [76]/ [79]
A3/2
-20.86 13.11 -21.46 10.17 -9±5/17±11
-53±34
[17]/ [74]/ [59]/
-5.78 -2.38 0.64 -4.27 -10/128±57 [76]/ [79]
D15(1675) **** 1623 1678 A1/2 3.74 -25.80 6.16 -19.91 19±8 -43±12 [59]
A3/2 5.39 -36.41 -1.36 -22.98 15±9 -58±13 [59]
D15(2060) **
1935 1922
A1/2
50.63 -28.09 26.71 -16.48
65±12 – [17]
2063 2017 0.83 -14.53 2.74 -12.84
A3/2
-17.97 10.01 -8.99 2.06
55+15
−35 – [17]1.35 -20.16 -2.92 -17.67
F15(1680) **** 1695 1734 A1/2 -45.91 32.65 -29.98 22.25 -15±6 29±10 [59]
A3/2 42.16 -12.85 24.10 -6.95 133±12 -33±9 [59]
F15(1860) **
1892 1933
A1/2
-9.86 -11.41 1.22 -13.86
20±12 – [17]
1918 1978 -5.33 17.12 -5.41 4.31
A3/2
-0.41 -23.28 -0.60 -11.28
50±20 – [17]
-5.34 6.48 -2.21 -2.67
F15(2000) ** 2082
1978
A1/2 -0.05 0.59
-5.41 4.31
35±15 – [17]
2062 32.96 -21.35
A3/2 -0.02 0.61
-2.21 -2.70
50±14 – [17]
-16.72 6.06
F17(1990) ** 1954 1997 A1/2 -2.98 -9.19 -3.94 -3.22
42±14/30±29 –/-1 [17]/ [74]
40 -69 [78]
A3/2 -3.96 -11.81 0.39 -5.88
58±12/86±60 –/-178 [17]/ [74]
4 -72 [78]
G17(2190) **** 1986 1980 A1/2 -27.72 8.47 -12.42 2.69 -65±8 – [17]
A3/2 19.04 -13.45 8.80 -6.48 35±17 – [17]
G19(2250) **** 2181 2169 A1/2 1.26 -11.16 2.18 -6.65 |A
p
1/2| < 10 – [17]
A3/2 1.64 -13.70 -0.27 -6.54 |A
p
1/2| < 10 – [17]
H19(2220) **** 2183 2159 A1/2 22.06 -13.65 10.63 -6.93 |A
p
1/2| < 10 – [17]
A3/2 -17.40 7.04 -7.78 3.05 |A
p
1/2| < 10 – [17]
I1,11(2600) *** 2394 2342 A1/2 14.06 -5.45 -5.56 -1.89 – – –
A3/2 -10.07 5.97 -4.07 2.46 – – –
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Table 3. Transverse photon couplings calculated for N → ∆ transitions in model A and C in comparison to experimental
data. All calculated photon couplings were determined by calculating the helicity amplitudes at Q2 = 10−4 GeV2 close to the
photon point. A hyphen indicates that data do not exist. All amplitudes are in units of 10−3GeV−1/2 , all masses are given in
MeV. Reference [76] does not quote errors.
State Mass Model A Model C Exp. Ref.
Rat. model A model C Ampl.
S31(1620) **** 1620 1636 A1/2 16.63 15.33 27±11 [59]
S31(1900) ** – 1956 A1/2 – -1.43 59±16/29±8/-4±16 [17]/ [74]/ [75]
P31(1750) * – 1765 A1/2 – 6.27 53 [76]
P31(1910) **** 1829/1869 1892 A1/2 2.38/0.69 1.98 3±14 [59]
P33(1232) **** 1233 1231 A1/2 -93.23 -68.08 -135±6 [59]
A3/2 -158.61 -122.08 -250±8 [59]
P33(1600) *** – 1596 A1/2 – -14.98 -23±20 [59]
A3/2 – -35.24 -9±21 [59]
P33(1920) *** 1834/1912 1899/1932 A1/2 20.89/1.79 14.89/11.90
130+30
−60/40±14/ [17]/ [74]/
22±8/-7 [77]/ [76]
A3/2 -18.56/-0.58 1.36/9.16
-115+25
−50/23±17/ [17]/ [74]/
42±12/-1 [77]/ [76]
D33(1700) **** 1594 1600 A1/2 64.99 63.39 104±15 [59]
A3/2 67.25 71.47 85±22 [59]
D33(1940) ** – 1895/1959 A1/2 – -16.86/-14.98 -36±58/160±40 [74]/ [77]
A3/2 – -12.56/-27.19 -31±12/110±30 [74]/ [77]
D35(1930) *** – 2022 A1/2 – -7.27 -9±28 [59]
A3/2 – -19.49 -18±28 [59]
F35(1905) **** 1860 1896 A1/2 18.46 12.42 26±11 [59]
A3/2 41.22 23.54 -45±20 [59]
F37(1950) **** 1918 1934 A1/2 -24.80 -14.22 -76±12 [59]
A3/2 -31.94 -18.62 -97±10 [59]
H39(2420) **** 2399 2363 A1/2 11.62 4.92 – –
A3/2 13.78 5.90 – –
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Fig. 53. Comparison of the F35(1905) transverse and longi-
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N
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1/2 calculated in
model C (solid and dashed-dotted line) and model A (dashed
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1/2 calculated in
model C (solid and dashed-dotted line) and model A (dashed
lines). See also caption to Fig. 6.
3.3 The nucleon→ ∆(1232) transition form factors
The N → ∆ electric and magnetic transition form factors
between the ground-state nucleon and the P33(1232) state
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are related to the helicity amplitudes by Eqs. (8a) and (8b)
G∗E(Q
2) :=F (Q2)
(
1√
3
AN3/2 −AN1/2
)
, (8a)
G∗M (Q
2) :=F (Q2)
(√
3AN3/2 +A
N
1/2
)
, (8b)
respectively, where F (Q2) is a kinematical pre-factor de-
fined as
F (Q2) = −
√
MN
4piα
M2∆ −M2N
2M2∆
MN
|k| (9)
in the notation of Ash et al. [80]. Furthermore, for the
sake of completeness the Coulomb-transition form factor
is given by
G∗C(Q
2) = −2M∆|k| F (Q
2)
√
2SN1/2 . (10)
In Fig. 56 the calculated magnetic transition form fac-
tor divided by thrice the standard dipole form factor is
compared to experimental data and analyses. This rep-
resentation enhances the discrepancies between the cal-
culated and experimental results: Although model A still
gives a fair description at larger momentum transfers, al-
beit in general too small, model C yields too large val-
ues in this regime. In both models the values at low mo-
menta are too small, a discrepancy which this calculation
shares with virtually all calculations within a constituent
quark model. Usually this is regarded to be an indication
of effects due to the coupling to pions. In Fig. 57 we also
present to corresponding electric transition form factor.
Only model C agrees with the PDG-data [59] of the MAID-
analysis [22, 23], whereas model A even has the wrong
sign. In model A we recalculated the form factor with a
higher numerical accuracy than was done by Merten et
al. in [5]. The Coulomb transition form factor is displayed
in Fig. 58 . Although the calculated result in model C is
significantly larger than in model A , both are too small
to account for the data from the MAID-analysis [22–24] .
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4 Summary and conclusion
In this paper we supplement the investigation of a novel
spin-flavour dependent interaction within the framework
of a relativistically covariant constituent quark model for
the structure of baryon resonances, as presented in [1] by
a calculation of helicity amplitudes for electro-excitation
of the nucleon. The calculational framework for the com-
putation of current-matrix elements is the same as pre-
sented by Merten et al. [5]. In the current contribution
the Salpeter-amplitudes were obtained in a calculation of
the baryon mass spectra, see [1], where, in addition to
confinement and a spin-flavour dependent interaction mo-
tivated by instanton effects as used in an older version
called model A , a phenomenological short ranged spin-
flavour dependent interaction was introduced in order to
improve in particular upon the description of some excited
negative parity ∆ resonances at ≈ 1.9 GeV; this novel ver-
sion of the model is called C . On the basis of these ampli-
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tudes the current-matrix elements relevant for the helicity
amplitudes were calculated in lowest order without intro-
ducing any additional parameters. In the course of the
investigations within the novel version of the relativistic
quark model C an improved parameter set was found as
discussed in sec. 2 . The modification affects mainly the
neutron form factor which now rather accurately repro-
duces the experimental data.
The calculated results are compared to experimental
data as far as available for resonances with a three or
four star rating according to the PDG [59] . The experi-
mental data comprise the couplings at the photon point
from PDG [59] and [17] as well as recent determinations
of transverse and longitudinal amplitudes as reported by
Aznauryan [18–21] and in the MAID-analysis [22, 23], see
also [24] . The results for the helicity amplitudes of nucleon
resonances can be summarised as follows:
– A satisfactory description of data for the S11(1535),
P11(1440), D13(1520) and F15(1680) data was found.
Exceptions are: A node in the transverse P11(1440)-
amplitude as found experimentally was not reproduced
by the calculations; we also do not find the observed
minimum in the longitudinal S11(1535)-amplitude and
the calculations underestimate the transverse
S11(1650) as well as the longitudinal F15(1680)-ampli-
tude for low momentum transfers. Also the amplitudes
of the D13(1520) resonances are slightly too small in
model C. Furthermore predictions of helicity ampli-
tudes are given for higher excited resonances for both
models. Some of these were recently found by [15–17],
e.g. the N+1/2(1880) and N
−
1/2(1895) resonance.
For the nucleon-∆ transitions helicity amplitudes, as
discussed in sec. 3.1.2, we note that:
– There exists agreement with the scarce data for the
S31(1620) amplitude if we disregard two data points
for the longitudinal amplitude. There is an indication
for a sign disagreement between the data of Aznauryan
et al. [19] and that for the MAID-analysis [22, 23] or
alternatively a node in the amplitude exists which is
not reproduced by both models in this case.
– The P33(1232) helicity amplitudes are generally under-
estimated by both models, slightly more so in model
C . For the longitudinal amplitude in particular we find
a maximum in the theoretical curves for which there
exists no experimental evidence.
– Predictions of the negative parity excited ∆∗(1900,
1940, 1930) helicity amplitudes can be made in model
C. The position of these states cannot be reproduced
in the original model A and was the main motivation
to supplement the dynamics of the model by an addi-
tional short-ranged spin-flavour dependent interaction.
It is rewarding that the calculated photon decay am-
plitudes agree reasonably well with the PDG data for
these three resonances.
In addition we presented predictions for helicity ampli-
tudes of some lower rated resonances, such as P31(1750)
and D33(1940) as well as predictions to some photon de-
cay amplitudes analysed by the CB-ELSA collaboration et
al. [17]. The corresponding photon decay amplitude data
from the CB-ELSA collaboration are presently mostly in-
cluded in the new PDG-data and thus only occasionally
listed explicitly in table 2 and 3. For nucleon photon de-
cay amplitudes displayed in table 2 we found that model C
reproduces the data of Ap1/2 slightly better than model A .
The Ap3/2 decay amplitudes in both models are too small
in general. Analysing table 3 for ∆-transition amplitudes
we find a slightly better agreement for model A than for
model C .
For the magnetic form factor of the ∆(1232)-N tran-
sition we have found that both models cannot accurately
account for the data, the calculated values being too small
in model A generally and in model C for Q2 < 1.5GeV2.
With the MAID-data [22,23] and the fits reported in [24] it
becomes also possible to make a statement on the electric
transition form factor which is better reproduced by model
C . Model A even produces a wrong sign compared to the
MAID-data. The momentum dependence of the Coulomb
transition form factor is well described by model C, but
too small in magnitude by more than a factor 3. Model
A yields almost vanishing values in this case. The cor-
responding elastic nucleon form factors calculations were
already presented in [1].
Although the overall agreement of calculated and ex-
perimental helicity data in both versions A and C of the
relativistic quark models are of similar quality, the new
model C apart from accounting better for the baryon mass
spectrum also does improve on specific observables such
as the ground state form factors.
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